(95% confidence interval (CI) 1*2, 3.9) and 2*08 (1.1, 3.8) respectively). When lifelong maximum reported body mass index was assessed the hazards of obesity but not leanness were seen (odds ratio for the highest versus the lowest quartile were -age adjusted, 1*54 (0.8, 3.0) and multiple risk factor adjusted, (1.1, 4.5) . This lifelong pattern of risk seemed to be established early, the odds ratios for the highest versus the lowest quartile of reported body mass index aged 21 years were -age adjusted, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] (1.1, 4.4) and multiple risk factor adjusted 2-13 (1.1, 4.2). The risks of both maximum reported body mass index and reported body mass index aged 21 years were more clear in those who had never smoked cigarettes (test for trend in odds ratio, p=0'009 and p=002 respectively). Conclusions -Potentially important risks of excessive body fat for stroke can be obscured by both a history of cigarette smoking and thinness associated with deteriorating health. The results seem to explain why excess body fat has previously been consistently related to hypertension and diabetes mellitus but less consistently to stroke. Avoiding overweight and obesity during adult life offers protection against stroke. The relationship between body fat and stroke has remained surprisingly unclear. Expert committees have not yet agreed that overweight is an established risk factor for stroke, although it is accepted to be causally related to hypertension and diabetes mellitus, both ofwhich are risk factors for stroke.'2 Many cohort studies seem to indicate little or no adverse risk for stroke with increasing levels of body mass index.''0 It is unclear, however, why overweight is less clearly linked to stroke than it is to hypertension.
Assessment of body fat in epidemiological studies has, conventionally, used relative weight or body mass index. There is now increasing interest in the role of central or truncal body fat as a stronger indicator ofboth cardiovascular and stroke risk than body mass index." 2 These initial observations were based on modest numbers of stroke patients and warranted investigation in studies with larger patient numbers.
There is suggestive evidence from a north Carolina cohort yielding 27 strokes, that the lifelong history of body fat is important in the development of stroke." This observation has not been followed up but suggested the value of a case-control approach inquiring retrospectively into indices of obesity over a lifelong span. To explore further the nature of the relation between body fat and stroke, subscapular skinfold thickness, body mass index, and lifelong patterns of body fat were assessed in a community based case-control study which aimed to examine a range of lifestyle related risk factors for stroke -the west Birmingham stroke project. The case-control approach allows indices of obesity at the time of the stroke to be assessed together with lifelong patterns.
Methods
The detailed methods of the case-control study have been previously described."'"' People registered with 11 general practices in west Birmingham comprised the study population of 101 000. stand. Cases and controls were asked; "What is the most you have ever weighed?" and "About how much did you weigh when you were 21 years old?" The responses were converted into kg and combined with measured/derived standing height to provide maximum reported body mass index and reported body mass index aged 21.
Measured/derived standing height was combined with the maximum recorded weight, if a record was available, in the general practice or hospital notes to provide maximum recorded body mass index. For all measures of body fat subjects were categorised by quartiles derived from control subjects; these were established separately for males and females. Variables which could confound or interact with the relation of body fat and stroke were assessed by questionnaire and have been detailed previously.1415 Local ethical committee approval had been obtained for the study.
STATISTICAL ANALYSIS
A computer software program (EGRET)'8 using methods described by Breslow and Day '9 was used to calculate odds ratios (relative risk), their 95% confidence intervals and test for trend in the odds ratios. Mantel-Haentzel methods were used to provide an estimate of the odds ratio after adjustment for one or two other variables. Adjustment was performed using the multiple logistic regression model if there was a need to adjust for more than 2 variables. Regression models were fitted using exposure levels of a given risk factor as discrete (factored) variables. Agreement between reported weights was assessed using 95% limits of agreement.20
Results
One hundred and twenty five eligible stroke patients were identified over two years. Of the excluded patients 30 unwell from a variety of medical conditions. To explore this possibility the relation of stroke with maximum reported body mass index was assessed in subjects who could recall maximum weights (cases= 124, controls = 196). Quartiles were defined by the following values (kg/M2): male -25-2, 27-9, and 30 5 and female -24-8, 28&4, and 31-3. The apparent excess risk of stroke in thin people disappeared when the relation between lifelong maximum body mass index and stroke was examined (table 2) . The hazards ofobesity, however, were not obscured. Most stroke patients (26/43) (60%) in the thinnest quartile of subscapular skinfold thickness had previously been overweight (maximum reported body mass index quartiles 2 to 4). The corresponding figure in controls was 17/50 (34%). As a guide to the reliability of recalled maximum weights, responses from stroke patients were compared with those of their relative/friend in a subsample of 20 cases. The surrogate responses had a mean weight only U, a) a) co 0-41 kg higher than that ofthe cases themselves. The 95% limits of agreement were 9-1 kg to -9-9 kg (correlation coefficient = 0 95). 18 of the 20 paired responses differed by 635 kg (141b) or less.
MAXIMUM RECORDED BODY MASS INDEX
Because a substantial number of cases (n = 97) and controls (n = 130) had had prior weights recorded, the relation between past maximum recorded body mass index and stroke could be examined. The interquartile values were lower than for the estimated values (male -24-2, 27-9, and 29-9 and female -240, 27-5, and 31-0) but the overall relation with the risk of stroke still indicated an increased risk in the most overweight quartile of body mass index (table 2) . The "U" shape had reappeared in this analysis, probably because weights tended to be recorded in sicker subjects. 3 
REPORTED 13ODY MASS INDEX AGED 21
Three stroke patients and one control could not recall their weight when aged 21 It seems unlikely that the relation between excessive body fat and stroke is due to either study biases or the influence of confounding variables. Separate methods of assessment (subscapular skinfold thickness and maximum reported weight yielding maximum body mass index) both indicated an increased risk. Significant measurement bias by the investigator would seem unlikely because ofthe high level of repeatability of skinfold measurements. Recall bias is a potential problem in a study such as this, particularly with the inclusion of surrogate responses. Previously recorded weights, however, and the lack of appreciable bias noted when patients and surrogate responses were compared did not indicate particular problems in this study. Loss of height with age is unlikely to have produced an important bias -the impact on body mass index is small and any error introduced is likely to be non-differential. The effect of possible weight loss following stroke could only be small and would only have the effect of underestimating the importance of excessive body fat in this study. The potential problem of residual confounding in adjusted analyses seems unlikely to be important as there was no tendency for adjustment to attenuate the relations that were found (apart from the predicted effects of hypertension or diabetes).
The inter-relationships ofdiet, exercise, body fat, blood pressure, diabetes mellitus, and other related variables is complex and controversial. This study aimed to explore risks which were related to lifestyle and were potentially under personal control. It was, therefore, a prestated decision not to present the results after adjustment for hypertension and diabetes mellitus. The relative risks of the upper quartiles of all measures of body fat were attenuated by adjusting for a history of diabetes or hypertension. This is likely to reflect the fact that dietary excess and inadequate exercise lead to overweight and its consequent increase in both blood pressure and risk of diabetes. It is being realised increasingly that adjustment by variables in the causal pathway is inappropriate except to explore that pathway.30 If a hereditary tendency did tend to cause obesity along with hypertension and diabetes the overweight/ stroke relation would have been expected to be reduced by adjustment for a family history of stroke. This was not observed.
CONCLUSION
This study provides support for the hypothesis that excessive body fat is linked to an increased risk of stroke. This is probably through mechanisms such as hypertension and diabetes mellitus. Intercurrent illness, cigarette smoking and inadequate length of follow up have all tended to obscure these risks in may previous studies. If the prevalence of cigarette smoking falls, the avoidance of excess body fat via dietary prudence and adequate exercise, could emerge more clearly as a lifestyle related risk factor with substantial preventive potential for stroke.
